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Abstract

Reproductive performance of dairy cows has a direct impact on herd productivity. Infectious agents, 
such as Bluetongue Virus (BTV) and Bovine Leukemia Virus (BLV), are associated with reproductive 
failure. However, it remains unknown if these viruses are present in the uterus and cause gestational 
loss. This study used molecular methods to assess if BTV and BLV can be detected in the uterus of 
serologically positive dairy cows with a record of abortions, stillbirths and repeat breeding (n=23) and 
without a record of reproductive problems (n =23). The cows came from three dairy herds of the state 
of Minas Gerais, Brazil. BTV was not detected in any of the uterine biopsies. Proviral DNA of BLV 
was detected in 54.5 % of the seropositive cows, but positivity for BLV in the uterus was not associated 
with the existence of reproductive problems. In conclusion, this study shows that BLV, but not BTV, is 
present in the uterus of seropositive cows, regardless of reproductive performance.
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Resumo

O desempenho reprodutivo das vacas leiteiras tem impacto direto na produtividade dos rebanhos. 
Agentes infecciosos como o Vírus da Língua Azul (BTV) e o Vírus da Leucemia Bovina (BLV) estão 
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associados à ocorrência de falhas reprodutivas. Entretanto, não se sabe se estes vírus poderiam estar 
presentes no útero resultando nas perdas gestacionais. Este estudo utilizou métodos moleculares para 
investigar se os vírus BTV e BLV estão presentes no úterio de vacas leiteiras sorologicamente positivas 
com histórico de abortos, natimortos e repetição de cio (n=23) e em vacas sem histórico de problema 
reprodutivos (n =23) provenientes de três rebanhos leiteiros localizados no estado de Minas Gerais, 
Brasil. Não foi detectado BTV em nenhuma amostra de biópsia uterina. Por outro lado, o DNA proviral 
de BLV foi detectado no útero de 54.5 % das vacas soropositivas, independentemente da ocorrência de 
problemas reprodutivos. Conclui-se que o vírus BLV, ao contrário do BTV está presente no útero de 
vacas soropositivas, entretanto, sem associação com o desempenho reprodutivo.
Palavras-chave: Bovinos. Reprodução. Útero. BTV. BLV.

Introduction

Productivity of dairy herds is intimately linked 
with the animals’ reproductive performance. 
Delivery sets the beginning of a new lactation and 
the birth of heifers that allow for herd reposition 
(SANTOS et al., 2004). Each gestational loss in a 
dairy	 farm	 causes	 an	 estimated	 financial	 damage	
of $2.333 (LEE; KIM, 2007). Reproductive loss 
is linked to several factors, including endocrine, 
genetic, metabolic or infectious alterations 
(DISKIN; MORRIS, 2008; WALSH et al., 2011).

Bluetongue virus (BTV) is an RNA virus that 
belongs to the Orbivirus gender and to the Reoviridae 
family (MELLOR; WITTMANN, 2002). A recent 
BTV-8 outbreak in Europe was associated with 
increased abortion and repeat breeding and with 
higher	 number	 of	 artificial	 inseminations	 per	
conception	in	affected	herds	(ELBERS	et	al.,	2009;	
MARCEAU et al., 2014; NUSINOVICI et al., 
2012a, 2012b; SANTMAN-BERENDS et al., 2010; 
ZANELLA et al., 2012).

Bovine leukemia virus (BLV) is a Deltaretrovirus 
from the Retroviridae family that causes enzootic 
bovine	 leukosis	 (EBL)	 (MILLER	 et	 al.,	 1969).	
How	BLV	affects	animal	reproductive	performance	
remains	unclear.	Previous	studies	 failed	 to	find	an	
effect	of	the	infection	on	herd	fertility	(BRENNER	
et	 al.,	 1989;	D’ANGELINO	et	 al.,	 1998;	HUBER	
et	 al,	 1981;	KALE	 et	 al.,	 2007).	However,	 others	
have reported that the presence of the virus may be 
associated with fetal loss and presence of ovarian 
cysts	(HEALD	et	al.,	1992;	JACOBS	et	al.,	1991;	

POLLARI	 et	 al.,	 1992;	 VANLEEUWEN	 et	 al.,	
2010). 

Previous reports found that reproductive 
indicators are compromised in BTV and BLV 
seropositive herds. However, it remains unknown 
whether these agents are present in the uterus 
and if they directly cause reproductive problems. 
Therefore, this study aimed to test if BTV and BLV 
are present in the uterus of serologically positive 
cows and whether this is related with the incidence 
of abortions, stillbirths and repeat breeding.

Materials and Methods

Forty-six	 dairy	 cows	 from	 three	 different	
properties located in the state of Minas Gerais, 
Brazil, were used. Properties A (n=12) and B 
(n=10) had crossbred Holstein x Gyr and Holstein 
x Guzera cows and used bulls for reproduction. 
Property C (n=24) contained Holstein cows and 
crossbred	 cows	 (Holstein	x	Gyr)	 and	used	fixed-
time	 artificial	 insemination	 (FTAI).	 The	 cows	
included in this study could not be pregnant or 
have uterine pathologies. In addition, they had 
to be pluriparous and in good clinical condition 
with	 normal	 ovarian	 cycles.	 The	 Buffered	
Acidified	 Antigen	 test	 showed	 that	 all	 animals	
tested negative for Brucella abortus (BRASIL, 
2006). All procedures were approved by the 
Ethics Committee for the Use of Animals from the 
Universidade Federal de Minas Gerais, MG, Brazil 
(Protocol number 68/2014).
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Animals	 were	 classified	 in	 groups	 according	
to the respective reproductive record provided by 
the properties. Group 1 (n= 23) was composed of 
animals that had a record of abortion, stillbirths and 
a number of services per conception equal or greater 
than 5. Group 2 (n=23) was composed of cows 
without a reproductive problem. Each property used 
the same number of animals from groups 1 and 2.

Serological tests were used to determine animal 
seropositivity for the studied viruses. BLV was 
diagnosed	using	the	agar	gel	immuno-diffusion	test	
(AGID), according to Miller and van der Maaten 
(1976),	 with	 the	 commercial	 antigen	 (Tecpar),	
according to the manufacturer’s instructions. BTV 
was diagnosed with a similar methodology, using 
a	1%	agarose	gel	in	a	buffered	salt	solution	(NaCl	
0.9%)	 and	 the	 VLA-4	 antigen	 (BTV	 serotype	 4)	
produced by the Laboratório Pesquisa em Virologia 
Animal (UFMG).

Prior to the uterine biopsy procedure, 
gynecological examination (by rectal examination) 
and transrectal ultrasonography were performed to 
exclude recent pregnancy cases. Afterwards, an 
epidural anesthesia of lidocaine hydrochloride 2% 
(3-5 ml) was provided to the intervertebral space, 
between	 the	 first	 and	 second	 coccygeal	 vertebra.	
The perianal and vulvar regions were then cleaned 
with water and dried with paper towel. The material 
was collected using a replica of the Hauptner® 
biopsy clamp protected with a disposable sanitary 
material. The procedure consisted in introducing 
the clamp through the vagina and cervix, guided 
through rectal manipulation. The sanitary material 
was removed once the uterus was reached. The 
clamp was guided through the ipsilateral uterine 
horn towards the corpus luteum of the ovary. 
Upon its absence, the biopsy was performed in the 
left uterine horn, the site with highest embryonic 
mortality (FERREIRA et	 al.,	 1988).	 To	 perform	
the biopsy, gentle digital pressure was applied 
(via transrectal) over the uterine tissue of interest, 
guiding it to meet the extremity of the open clamp. 

The clamp was then closed and pulled to extract the 
fragment. The clamp was washed with water and 
soap and disinfected with 70% alcohol between 
the animals. The same person performed all 
uterine biopsies. Collected fragments were placed 
in RNAse/DNAse-free cryotubes (Sarsdedt), 
immersed	 in	 liquid	nitrogen	(-196°C)	at	 the	farm	
and	stored	at	-80°C.	

Disposable sterilized material was used to 
cut	 the	 uterine	 tissue	 samples	 in	 laminar	 flow	
cabinets. The QIAmp DNA Mini Kit (Qiagen) or 
the SV Total RNA Isolation System (Promega) 
were used to extract DNA or RNA from each tissue 
portion, respectively, following the manufacturer’s 
instructions. To optimize the procedures, the tissues 
were	macerated	in	the	respective	lysis	buffers	using	
sterilized microtube pestels. Detection of GAPDH, 
as described by Oliveira et al. (2013), and ACTB 
(β-actin),	 as	 described	 by	 Bielanski	 et	 al.	 (2009),	
was	used	to	confirm	the	DNA	extraction	efficiency.

Nested PCR was performed to detect the env 
region of the BLV proviral DNA, as described by 
OIE	(2010).	The	external	and	internal	amplification	
products had molecular weights of 440 bp and 
341 bp, respectively. The commercial kit Go taq 
Flexi® DNA Polymerase (Promega) was used 
and	 the	 amplifications	 were	 performed	 using	 the	
thermocycler Veriti Thermal Cycler (Applied 
Biosystems).	 The	 final	 amplified	 products	 were	
separated by gel electrophoresis - 10 µL of the 
final	products	were	loaded	in	a	1.5%	agarose	(p/v)	
gel - and visualized by ethidium bromide staining 
(1.5mg/mL). Comparing the gel with the standard 
molecular	 pattern	 of	 100	 base	 pairs	 identified	 the	
expected products. DNA extracted from an FLK 
(fetal lamb kidney) cellular lineage persistently 
infected with BLV was used as positive control.

BTV RNA was detected by quantitative reverse 
transcriptase PCR (RT-PCR), as described by 
Shaw et al. (2007). Complementary DNA was 
synthetized using the TaqMan® Fast Virus 1-Step 
Master Mix (Applied Biosystems). Samples 
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provided by the Laboratory for Diagnosis of Viral 
Diseases (LANAGRO, Minas Gerais) were used as 
positive controls. The reactions were carried in a 
LightCycler® 480 (Roche).

The bands of samples considered positive were 
cut	 off	 from	 the	 agarose	 gel	 and	DNA	 extraction	
was performed using the Axygen™ Axyprep™ 
DNA Gel Extraction Kit (Axygen). Samples were 
sequenced (Sanger method) in a 3500 Genetic 
Analyzer (Applied Biosystems) by the Laboratory 
for Aquatic Animal Diseases (Aquacen) from the 
Veterinary School of UFMG. The sequences were 
grouped using DNA Baser® and compared (in 
terms of similarity) to the sequence databases of 
the National Center for Biotechnology Information 
using the Basic Local Alignment Search Tool 
(NCBI, BLAST®). 

Fisher’s Exact Test (p<0.05) - STATA program, 
Version 12.1 (StataCorp) - was used to determine 
if the presence of infectious agents in the uterus 
influences	the	incidence	of	reproductive	problems.

Results and Discussion

The	serological	tests	found	that	89.1%	(41/46)	
of the animals were seropositive for BTV and 
95.6%	 (44/46)	 were	 seropositive	 for	 BLV.	 BTV	
RNA could not be detected in any of the uterine 
biopsies (data not shown). Serological detection of 
BTV does not necessarily imply that animals are 
undergoing a period of active infection, as the levels 
of antibodies remain elevated for up to three years 
after the viral infection (PEARSON; JOCHIM, 
1979).	Only	 studies	 conducted	 in	 experimentally	
infected animals reported presence of the virus in 
the uterus (these studies isolated cows, performed 
in situ hybridization in female dogs and RT-PCR 
in	goats)	(BROWN	et	al.,	1996;	COETZEE	et	al.,	
2013; DE LA CONCHA-BERMEJILLO et al., 
1993).

Nested PCR detected BLV proviral DNA in 
the uterine tissue of 52.2% (24/46) of the animals. 

Sequencing	 showed	 that	 there	 was	 94-100%	
similarity with sequences from the env region of 
BLV isolates (GenBank:	FJ808579.1;	DQ059421.1;	
JN254639;	 JN254638.1).	 This	 is	 the	 first	 study	
reporting detection of the virus in the uterus of a 
large number of naturally infected animals. The 
same	PCR	was	used	by	Klintevall	et	al.	 (1994)	 to	
detect the presence of BLV in the uterus of 100% 
(5/5) of the experimentally infected heifers. The BLV 
protein gp51 was neither detected by Reinacher et 
al.	(1989),	in	the	uterus	of	ten	serologically	positive	
cows, nor by Yaguiu et al. (2008), in four females 
naturally infected with BLV. 

BLV proviral DNA was detected in the 
uterus of 54.5% (24/44) of the animals that were 
serologically positive (Table 1). The uterus of 
BLV infected animals is a common place for 
development of lymphosarcomas. Burton et al. 
(2010) found that 38% (40/105) of the animals 
with neoplasias that are analyzed by necropsy have 
lymphosarcomas in the uterus. Silva et al. (2008) 
reported the case of an animal in Brazil that was 
infected with BLV and developed tumor masses 
in several organs, including the uterus. Somura et 
al. (2014) found that the virus copy number was 
higher in lymphoid organs with lymphosarcoma 
than in asymptomatic BLV infected animals. This 
study did not assess if animals that tested positive 
in the uterine tissue had any histological alteration. 
Therefore, it remains unknown why BLV is present 
in the uterus of some seropositive cows and not 
others. 

Table 1. Comparison of serology and PCR results in 
BLV uterine tissue.

Positive 
Serology

Negative 
Serology Total

Positive PCR 24 0 24
Negative PCR 20 2 22

Total 44 2 46
Sensitivity: 54.5% IC95%	 (54.5%-38.8%)	 Specificity:	 100%	
IC95%	(15.8-100%).
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Presence	of	the	agent	in	the	uterus	did	not	affect	
the incidence of reproductive problems (Table 
2). The role of the agent in reproduction remains 
controversial, probably due to the heterogeneous 
clinical presentation of the disease in herds (DA et 
al.,	 1993).	Future	 studies	 should	 address	what	 are	
the consequences of BLV presence in the uterus of 
naturally infected animals.

Table 2. Detection of proviral DNA from BLV in the 
uterine tissue for each experimental group.

Experimental 
group

BLV proviral DNA in the uterine 
tissue

Group 1 (n=23) 47.8%a (11/23)
Group 2 (n=23) 56.5%a (13/23)

Total (n=46) 52.2% (24/46)
Same	 column	 letters	 indicate	 non-statistically	 significant	
differences,	 according	 to	 Fisher’s	 exact	 test	 (p>0.05).	 Group	
1: Animals with reproductive problems. Group 2: Animals 
without reproductive problems. 

Conclusion

BTV was not detected in the uterus of any cow 
serologically positive for BTV. In contrast, BLV was 
detected in the uterine tissue of cows serologically 
positive for BLV. Of note, this virus was detected 
regardless of the existence of reproductive problems. 
This work proves that BLV is present in the uterus 
of naturally infected cows. Future studies should 
assess	 how	 the	 virus	 influences	 the	 reproductive	
performance of these animals.
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